A novel immunocytochemical approach to the detection of cytoplasmic antigens, exemplified by immunoglobulin and CD3, was evaluated using benign and 155 malignant lymphohematopoietic cell specimens and conventional techniques for detailed comparison. It telies on (a) electrostatic cell attachment to poly-L-lysine-coated multispot slides, (b) sequential use of glutaraldehyde furation and detergent permeabilitation, and (c) staining of endogenous peroxidases and antigens in contrasting colors. Differential staining instead of inactivation of endogenous peroxidases and avoidance of artifacts incurred in conventional qtocentrifugation, dehydration, and alcohol or acetone fmtion uniquely afforded improved precision in cell identification, dear distinction of cytoplasmic from surface antigenic staining, and greatly enhanced sensitivity in antigen detection, all combined with increased performance efficienq achieved by the use of multispot slides. With this method, qtoplasmic immunoglobulin and CD3 were found more widely distributed than has been previously recognized. Thus, almost all malignant cells in all cases of B-cell lymphomalleukemia (encompassing the major subtypes) and T-ALL, as well as substantial proportions of benign mature B-and T-lymphoqtes, stained strongly positive for d g and cCD3, respectively, whereas myeloid cells were consistently negative. High sensitivity combined with excellent cytomorphology and differential myeloperoxidase staining permitted unequivocal differentiation of minute fractions of malignant cells against a heterogeneous background of benign cells. (JHistochem Cytochem 41:1003-1011, 1993) 
Introduction
Cytoplasmic immunoglobulin (cIg) and CD3 (cCD3) are prominent examples of intracellular differentiation-linked markers. Their recognition greatly contributed to our knowledge of B-and T-cell ontogeny and continues to be basic to the identification and characterization of benign and malignant lymphoid cells. In B-cell ontogeny, cIg precedes surface Ig (sIg) expression at the pre-B-cell level (1,2) and continues to be expressed in the plasma cell series. In B-cell chronic lymphocytic leukemias (B-CLLJ displaying only faint and partial or even no detectable sIg expression (3,4), cIg was found superior to sIg as a marker to prove their monoclonality (5-7). In T-cell ontogeny, cCD3 also precedes surface CD3 (sCD3) expression (8, 9) . In contrast to cIg in B-cell development, however, cCD3 appears at a very early stage, preceding all other known maturation-linked events, including the ordered rearrangements of genes that encode the T-cell antigen receptor (TCR) as well as the expression of CD1, CD4, and CD8 antigens (10). Accordingly, in our recent study on sheep erythrocyte non-rosetting, pre-thymic T-lineage acute lymphoblastic leukemia (pre-T-ALL), cCD3 was detectable even in the most immature, closely stem cell-related (HLA-DR' and/or CD34', germline TCR y and p genes) blast cell populations (11). Moreover, when compared with CD7 (12,13), CD2 (14), and CD5 (unpublished observations) found "aberrantly" expressed in variable proportions of acute myeloid leukemias (AML), cCD3 also appears to be the most specific marker presently available to prove or disprove T-lineage affiliation of acute leukemias.
Classically, these cytoplasmic antigens are determined by visual immunofluorescence or immunocytochemistry performed on airdried cytospin preparations fixed with either acidified ethanol (1,2,4,15), methanol (6), or acetone (5,7-9). More recently, flow cytometry of cells treated in suspension with either saponin or lysolecithin to permeabilite their membranes was reported to be a rapid alternative (7,16,17), providing equal sensitivity compared with visual immunofluorescence ( 7~6 ) but lower sensitivity compared with immunocytochemistry on acetone-fixed cytospin preparations (7). A third approach used immunocytochemistry on nondehydrated cells that were attached electrostatically to poly-Llysine (PLL)-coated multispot slides (18), minimally fixed with the bifunctional glutaraldehyde to cross-link membrane proteins, and permeabilized with the non-ionic detergent Brij 56. Supposedly owing to its extra-low monomeric concentration, Brij 56 was found to have little if any adverse influence on antigenic integrity (19). This latter approach was successfully used in the demonstration of cCD3 in pre-T-ALL. (11) and, owing to its exceedingly low cell requirements, proved to be the method of choice in multimarker analyses of paucicellular cerebrospinal fluid (20) .
Immunocytochemisuy using peroxidase-labeled antibodies may be severely compromised by endogenous peroxidases, especially in assays for cytoplasmic antigens. Accordingly, much methodological effort has been devoted to either their inactivation (21-24) or the use of alternative enzyme labels (25-27). They also represent, however, a most valuable marker of benign and malignant cells of the myeloid series. Consequently, in an attempt to optimally adapt immunocytochemistry on PLL-coated slides to the requirements of cytoplasmic antigenic analysis, we placed emphasis on the differential staining of endogenous peroxidases and antigens, taking advantage of the contrasting colors obtained with chloronaphthol (28) and aminoethylcarbazole (29) as chromogens in the peroxidase reaction. This refined procedure was compared in detail with the classical cytopreparative techniques and was further evaluated in the study of a broad spectrum of benign and malignant lymphohematopoietic cell types.
Materials and Methods
Cell Specimens. Data to be presented were obtained using normal pediatric bone marrow as a source of pre-B-cells, peripheral blood of healthy individuals for the study of cIg and cCD3 expression in mature B-and T-cell populations, and a total of 155 malignant cell specimens, mainly heparinized peripheral blood or bone marrow along with a few samples of cerebrospinal fluid and pleural effusion. The malignant cell specimens were obtained from 32 cases of AML, one case of myeloidlT-lineage hybrid-type acute le.ukemia, 85 cases of low-grade and 15 cases of high-grade B-cell non-Hodgkin's lymphoma (B-NHL) of various subtypes detailed below, three cases of pre-B-type common ALL (c-ALL), seven cases of pre-T-ALL using unselected cryopreserved material from our recent study on pre-T-ALL (11) for methodological reanalyses, and 11 cases of newly diagnosed T-ALL. Jurkat T-lymphoblastoid cell line cells were obtained from experiments using mice with severe combined immunodeficiency (SCID) (30) which had developed tumors after IP inoculation with lo8 Jurkat cells.
The diagnoses were made on the basis of clinical data, histopathological findings using the Kiel classification scheme (31, 32) to categorize lymphomas, and comprehensive immunocytochemical analysis (20) using panels with an average of 21 different antibody specificities tailored, in each case, to the diagnostic possibilities in question.
Cell Preparation. Mononuclear cells isolated from heparinized blood or bone marrow by standard isopyknic centrifugation and cells harvested from pleural effusions were washed twice in protein-free, HEPES-buffered (0.03 mollliter) minimum essential medium (MEM) (Gibco; Paisley, UK), pH 7.4. Cerebrospinal fluid cells were prepared as described previously (20) .
Damaged cells, as assessed by the trypan blue exclusion test, accounted for less than 5% of total cells in all specimens examined.
Conventional air-dried cytospin preparations were obtained with a Shandon-Elliot cytocenuifuge. For electrostatic cell attachment, self-prepared (19) multispot slides with 21 reaction fields separated by water-repellent dimethylpolysiloxane (DMPS-2X) (Sigma; St Louis, MO) and each coated overnight at 4°C with 0.4 pg PLL of 18,000 molecular weight (Sigma) (20) were used (stored ready-made at -25°C). In a few experiments, commercially available multispot adhesion slides (BioRad; Miinchen, Germany) were used in comparison and were also found suitable.
Optimized cytopreparation on the PLLcoated slide comprised the following steps, using a moist chamber for incubations and beakers for washings: (a) 10 pl of cell suspension containing 15,000 cells was added to each spot and incubated for 30 min at 4°C; (b) the slide was washed in PBS, pH 7.4, followed by fixation for 7 min at 2O' C with freshly prepared 0.05% glutaraldehyde (grade 1; Sigma) in PBS; (c) for the differential staining of endogenous peroxidases, 10 gl PBS containing 0.1% 4-chloro-1-naphthol (Sigma) and 0.015 % hydrogen peroxide (Perhydrol) (Merck; Darmstadt, Germany) (stored in ready-made aliquots at -25°C) was added to each spot and incubated for 15 min at 2O"C, followed by washing the slide in PBS (d) spots assigned for testing cIg or cCD3 were then incubated for 15 min at 20% with PBS containing 0.04% polyoxyethyleneglycoI(10] cetyl alcohol (Brij 56; Sigma) (stored ready-made at 2O'C), followed by washing these spots individually to prevent contamination of adjacent spots assigned for testing surface antigens.
In experiments designed to compare the above optimized procedure with the conventional techniques, fixation with either ethanol containing 5% acetic acid for 20 min at 4'C, or methanol for 20 min at 4"C, or acetone for 5 min at 20'C was performed on either air-dried cytospinpreparations or PLbound cells that were dehydrated for 60-120 min after prefixation with glutaraldehyde as above (the use of multispot slides enabled us to better standardize the assays, and glutaraldehyde pre-fixation made the results more easily comparable because it minimizes the flattening of cells upon dehydration), or PLLbound, glutaraldehyde-fixed cells that were not subjected to dehydration to allow assessment of the influence of alcohols or acetone alone (solvent fixation of non-dehydrated cells requires prefixation with glutaraldehyde to prevent major cell damage). Furthermore, to determine the influence of dehydration alone, detergent permeabilization with Brij 56 was also used on PLL-bound, glutaraldehyde-fixed, airdried cells. Finally, fixation of cytospin preparations with glutaraldehyde was tested as well, but was found impractical, mainly because air-dried erythroid cells hemolyze in aqueous solution, which in bone marrow specimens leaves behind hemoglobulin-free erythroblasts that may prove difficult to distinguish from lymphocytes. In the above alternative cytopreparative procedures, chloronaphthol staining of endogenous peroxidases was performed either after dehydration or after solvent fixation. In each individual comparison, the same cell sample was used and was processed simultaneously and identically except for the single variation in question. Knapp), affity-purifed rabbit anti-calf TdT antiserum (Pharmacia; Uppsala, Sweden), and an IgM MAb from our own institution (Dr. U. Kummer) directed against an HLA-DR framework epitope. Each antibody was used at the maximal concentration that yielded no background staining in appropriate negative control cells, notably including c-ALL cells used to titrate UCHTI MAb and T-ALL cells used to titrate the antibodies directed against immunoglobulin determinants.
Binding of the above primary antibodies was determined by singlesandwich immunocytochemistry using peroxidase-conjugated, affinitypurified goat anti-mouse IgG + IgM or goat anti-rabbit IgG antibodies (Jackson; West Grove, PA) as second layer. In a few experiments, doublesandwich immunocytochemistry was performed in comparison using peroxidase-conjugated, affinity-purified donkey anti-goat IgG antibodies (Jackson) as third layer.
After each 30-min incubation at ZO'C, cells were washed by simply dipping the slide into PBS. The immunoperoxidase reaction was performed for 25 min at 2O'C using a freshly prepared mixture of 94 mlO.0) M phosphate buffcr. pH 6.9 (stored in tenfold concentration at 20°C). 6 ml dimethylsulfoxide (DMSO) (Merck) containing 0.167% 3-amino-9-ethylcarbazole (Sigma) (solution stored ready-made at 20"C), and 15 ~1 30% hydrogen peroxide (Perhydrol) (Merck). Slides were then stained for 20 sec with Mayer's acid hemalum, rinsed in tapwater, and mounted with phosphate-buffered glycerol. They were stored at -25'C with no detectable loss in quality even after several yean.
Four hundred to 1000 cells were evaluated per antigen. Monotypic expression of Ig light chains was determined on the basis of single (anti-K or anti4 light chain) and combined (anU-K plus anti-1 light chain) antibody incubations as percent of cells that displayed staining for one type of light chain only, i.e., the small fractions of damaged cells concomitantly containing both types as a result of passix uptake ofserum Ig were counted as negative. In each specimen, the various types of cells were differentiated by combined assessment of morphology, myeloperoxidase content, and their antigen profile. To provide a common basis on which to compare different malignant cell populations, the malignant cell immunophenotypes were determined as positive malignant cells in percent of total malignant cells.
Results and Discussion

Cytomorphology and Ant&en Topography
Electrostatic cell attachment to PLGcoated slides udormly preserved cellular integrity by avoiding mechanical damage incurred in cytocentrifugation. In addition, it left the option open not to dehydrate the cells and thus to retain their spherical shape which, in the microscopic localization of antigen, allowed surface, cytoplasmic, and nuclear details to be evaluated at different focal planes. By contrast, the two-dimensional microscopic image of air-dried flattened cells in cytospin preparations made it difficult if not impossible to distinguish cytoplasmic from surface staining, as noted by others as well (33), particularly when cells expressed the antigen in both locations. Moreover, alcohols and acetone used as fixatives in conventional approaches render surface and intracellular antigen simultaneously accessible for antibodies, and therefore they inevitably yielded mixed staining patterns. By contrast, glutaraldehyde fixation of non-dehydrated cells was found not to alter their permeability properties for antibodies. Therefore, cells expressing the antigen in the cytoplasm alone, as is the case with Ig p heavy chains in pre-B-type c-ALL and with CD3 in most cases of T-ALL, were devoid of staining when fixed with glutaraldehyde but not exposed to detergent, except for the small fraction of dead cells whose membrane barrier had already been impaired before fixation. The consecutive use of cross-linking glutaraldehyde fixation and detergent permeabilization thus enabled surface and total antigen expression to be assayed separately, in neighboring reaction fields of the PLLcoated multispot slide and under conditions that differed only with respect to whether or not Brij 56 was added. This is documented in Figure 1 .
Dzfferential Staining of Endogenous Peroxidases
Intense staining of endogenous peroxidases in the cells of bone marrow granulocytopoiesis and moderate staining in virtually all peripheral blood monocytes were obtained in the chloronaphthol reaction when performed on Pabound, glutaraldehyde-fixed, nondehydrated cells. By contrast, fixation with alcohols and, to a lesser degree, acetone, as well as dehydration of cells, all reduced the enzymatic activity in bone marrow myeloid cells and fully abolished it in blood monocytes, as determined in parallel assays using otherwise identical conditions. The lipophilic chloronaphthol reaction product was not dissolved by 0.04% Brij 56, as verified with AML cells that contained critically small amounts of chloronaphthol reaction product. By contrast again, acetone instantaneously dissolved all of the chloronaphthol reaction product, and alcohols most of it. Therefore, detergent permeabilization of glutaraldehyde-fixed, non-dehydrated cells was fully compatible with a sensitive differential staining of endogenous peroxidases, whereas the classical approaches using alcohol or acetone fixation of air-dried smears were not.
The bluish-black staining obtained with chloronaphthol yielded excellent (and compared with diaminobenzidine much clearer) contrast to the red staining of antigens obtained in the subsequent immunoperoxidase reaction with aminoethylcarbazole as chromogen. As an essential side effect, Brij 56 abolished residual endogenous enzymatic activity, thereby preventing difficult-to-evaluate mixed-colored myeloperoxidase staining that would otherwise result from an additional reaction with carbazole. Using mild conditions with PBS, pH 7.4, as substrate buffer, no adverse effects on antigenic integrity were observed.
Differential staining not only prevented endogenous peroxidases from being mistaken for cytoplasmic antigens, and vice versa (as may likewise be accomplished by their inactivation) but also provided for the unequivocal discrimination of lymphoid from myeloid and erythroid (pseudoperoxidase activity of hemoglobin) cells. The latter also implies a clear distinction between intrinsic cIg in lymphoid cells and ingested serum Ig in monocytes and the more mature granulocytopoietic cells in bone marrow. Its usefulness in the analysis of bone marrow specimens is illustrated in Figure 2 .
Comparative Evaluation of Detection Sensitivity
Membrane permeabilization of PLLbound, non-dehydrated, glutaraldehyde-fixed cells with 0.04% Brij 56 invariably yielded much stronger staining of both cIg and cCD3 than was obtained after fixation with acetone, methanol, or acidified ethanol, listed in the order of declining positivity. The striking differences observed in staining intensity are illustrated in Figure 3 for cIg in a representative case of B-CLL. and in Figure 4 for cCD3 in Jurkat T-lympho- blastoid cell line cells. Dehydration of cells inferred additional denaturation and, moreover, proved Hicult to standardize, yielding appreciable variability in staining intensity not only between separate assays of the same specimen but also between areas within a single cell spot. The above findings were uniformly obtained, with no exceptions, in 147 comparative assays using leukemic cells of Band T-lineage, as detailed in Figure 5 . Qualitatively, the effects of the various fmtives and of dehydration on cIg and on cCD3 were identical, whereas quantitatively they were more pronounced on cCD3 as recognized by UCHTl MAb. For proper assessment of the data presented in Figure 5 , it is important to take into account a rather even distribution of antigen within each malignant cell population, particularly in our cases of T-ALL, and initial amounts of antigen in excess of what yields maximal staining. Consequently, considerable degrees of denaturation may not reduce staining to the extent that it becomes visually recognizable, which on further increase in denaturation is followed by a decrease in staining intensity but not in the percentage of stained cells, until immunoreactive sites are reduced below the detection limit when the percentage of positive cells drops to zero. The latter occurred in Figure 1 . Selective staining of surface and cytoplasmic antigenic sites in a case of pre-T-ALL, achieved by the sequential use of glutaraldehyde fixation and detergent permeabilization. Glutaraldehyde-fixed cells displayed (a) strong surface staining for CD7 (note the convoluted nuclei), but (b) background-free negativity for CD3, unless they were (c) permeabilized with Brij 56 (note the predominantly perinuclear staining with accumulation in nuclear folds). Bar 
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three out of 12 cases of T-lineage ALL when non-dehydrated cells were fixed with methanol, and in 10 of those cases when cells were in addition subjected to the artifact of dehydration, which in turn was about as deleterious as fixation of non-dehydrated cells with acidified ethanol. Double-sandwich immunocytochemistry, which has previously been found to yield even higher signal amplification than the peroxidase-anti-peroxidase (PAP) method (19) , improved staining only marginally (data not shown) and therefore did not allow the denaturation inferred to be outbalanced.
The observation that alcohols/acetone and dehydration of cells adversely affect cIg and cCD3 immunoreactivity is in line with our previous findings on TdT (19) . In contrast to TdT, however, no diffusion artifacts were found to occur with cIg and cCD3, as evidenced in studies on cells that contained critically small amounts of antigen and showed no reduction in staining when permeabilized 16-48 hr before their immunocytochemical labeling.
In retrospect, the comparisons presented also help interpret former conflicting data regarding expression of cIg in B-CLL. Thus, consistently negative findings obtained in a series of 71 cases using air-dried smears fixed with acidified ethanol (4) stood in contrast to positive findings obtained on methanolor acetone-fixed smears (5-7). which in turn were essentially identical with the suboptimal data depicted in Figure 5 for methanol and acetone fixation.
Optimized Detection of cIg and cCD3 in Lymphoid Cell Phenotyping
Controls. To exclude nonspecific staining for cIg and cCD3, various types of cells were examined. Normal bone marrow myeloid cells, peripheral blood monocytes, pleural and cerebrospinal fluid histiocytes, and blast cells from 32 cases of AML, including MO, MI, M2, M4, M5, and M7 subtypes, all were absolutely devoid of staining for both cIg p heavy chains and cCD3. By contrast, cIg K and h light chains were concomitantly found, along withy heavy chains, in the more mature cells of bone marrow granulocytopoiesis, blood monocytes, and histiocytes, reflecting ingestion of serum IgG, as well as in degenerating cells, reflecting passive uptake. Lineage monospecificity of cCD3 was ambiguous only in one case of adult acute leukemia with an immature (HLA-DR', CD34') hybrid phenotype characterized by overlapping expression of cCD3, CD7, and TdT on the one hand and of myeloperoxidase, CDIlc, and CDw65 on the other hand.
Benign Band T-lymphocytes. In normal B-cell populations,
cIg was found in a minor subpopulation of sIg-positive small B-lymphocytes and in all stages of their development into plasma cells, including immunoblasts and plasmablasts. Since sIg is lost at a late stage in plasma cell development (and, in fact, is expressed even on a subpopulation of mature plasma cells), identification of cells of the plasma cell series indispensably required the combination of immunological with morphological criteria, as has been illustrated in detail elsewhere (20) .
Similarly, in mature T-cell populations (sCD3'), the threedimensional microscopic image of PILbound, non-dehydrated cells permitted clear demonstration of cCD3 in about half the T-cells, which was predominantly perinuclear in location. Of the remainder, one third were recognizably negative, whereas for the rest of the cells no definitive conclusion could be reached because of their narrow rim of cytoplasm and lack of nuclear indentations. Interestingly, no difference was observed between populations of resting (IUA-DR-) T-lymphocytes and of activated (HLA-DR') T-cells (found in cerebrospinal fluid pleocytoses). Figure 6 shows individual and mean values of expression of sIg and cIg in 79 unselected consecutive cases of leukemic CD5-positive B-NHL. These comprised mainly B-CLLs along with immunocytomas, the latter including two cases of Waldenstrom's macroglobulinemia. For the purpose of this study, however, the two entities of the Gel classification (31) will be jointly dealt with to maintain comparability with other studies (6,7), because detailed phenotyping in the course of this study revealed no sufficiently clear dividing line and because morphological recognition of minor subpopulations of plasmacytoid cells is prone to subjective bias, at least in the peripheral blood. In all 79 cases it was possible to prove the monoclonality of the B-cell population by demonstrating monotypic expression of cIg K (43 cases) or h (36 cases) light chains, which was associated with expression of cIg heavy chains in 74 cases (94%) and of cIg y heavy chains in two out of three p chain-negative cases tested. On the average, over 95% of malignant cells stained positive for both heavy and light chains, and the majority of positive cells, amounting to over 90% in MAb-based light chain assays, displayed strong staining intensity. The staining patterns included homogeneous pancytoplasmic staining and, less commonly, perinuclear accumulation that was best seen in plasmacytoid cells displaying abundant cytoplasm. Rodshaped Ig crystals, commonly arranged in parallel arrays, were found in a minority of cells in three of the 79 cases. The overall strong cytoplasmic staining of virtually all malignant cells was in striking contrast to a predominantly weak, often barely visible surface staining ( Figure 3) on an average of only 56% of malignant cells, obtained when cells were not exposed to detergent but were otherwise treated simultaneously and identically. It is noteworthy that the inclusion of immunocytomas in the group of CD5-positive B-NHLs did not increase the mean difference between cytoplasmic and surface staining. On the contrary, immunocytomas tended to show stronger expression of sIg as compared with the average CLL but, contrary to the common view, no overall stronger expression of cIg. These data confirm, in a much larger series, former reports on the cytoplasmic expression of Ig in B-CLL (5-7), which had conflicted with prior light and electron microscopic findings supporting the view that cIg characterizes plasmacytoid cells in immunocytoma/B-CLLs with a serum M component, but is absent from typical CLL cells (4, 31, 34, 35) . However, the former positive findings obtained by immunofluorescence differed quantitatively from the data presented here. Thus, flow cytometry allowed only 40-60% of malignant cells to be identified in cIg light and heavy chain assays (7), and visual immunofluorescence on methanol-fixed cytospin preparations revealed strong cIg staining intensity only in minute fractions of 1-3% of cells (6). Even more important, in clonotypic analysis the two immunofluorescence methods failed to detect monotypic expression of cIg light chains in four out of 25 cases and in three out of 16 cases of B-CLL, respectively (6,7).
B-cell LymphomaslLeukemias.
Monotypic cIg was also unequivocally detectable in all six cases of CD5-negative low-grade B-NHL., including one further case of Waldenstrom's macroglobulinemia, three cases of hairy cell leuke-OPTIMIZED DETECTION OF CYTOPLASMIC IG AM) CD3 row Figure 6. Individual and mean values of expression of slg and clg along with CD5 and HLA-DR in a series of 79 consecutive cases of leukemic CD5-positive B-NHL. The percentage of positive malignant cells is given on the ordinate, the percentage of positive cases on the abscissa. Individual percent values (upper row) are arranged, independently for each antigen. in declining order. "Clg K" and "clg )i" denote monotypic light chain expression, i.e., no overlap is given between K-positive cases (54% of all cases) and l-positive cases (46% of all cases). Note that higher sensitivity in the detection of lg heavy chains was obtained using polyclonal, as compared with monoclonal, primary antibodies, which has also been o b sewed by others (41) . Also note that expression of clg light chains was consistently stronger than that of heavy chains, which is in contrast to previous findings obtained by flow cytometry (7) In one of the three hairy cell leukemias and in the one case of immunoblastic lymphoma, strong cytoplasmic expression allowed the total malignant cell population to be identified, whereas surface staining was faint and restricted to a minor subpopulation only. In 15 of the remaining 19 cases displaying concomitant strong surface staining, cytoplasmic expression was equal to or even predominated over surface expression. Each malignant cell population was again heterogeneous in the cytoplasmic staining patterns observed, ranging from almost purely perinuclear, to combined perinuclear and focal, to pancytoplasmic staining. The latter predominated in the CD5negative low-grade B-NHLs, notably including all three hairy cell leukemias, whereas perinuclear staining was prevalent in the highgrade B-NHLs. Published information on the expression of clg in B-cell neoplasias other than B-CLL is scarce, which may reflect the difficulties in discriminating cytoplasmic from strong surface staining in the conventional approaches. In one study using visual immunofluorexence, cIg was found consistently negative in all major types of B-cell malignancy except for Waldenstrom's macroglobulinemia and multiple myeloma (4), and in another such study on hairy cell leukemia it was found positive in only four out of 39 cases (36) . Positive findings obtained by flow cytometry in seven hairy cell leukemias ( 7 ) remained inconclusive because no information was given as to how cytoplasmic staining was distinguished from concomitant surface staining. The combination of immunological with morphological assessment of cells helped in grading and subtyping lymphomaslleukemias sharing similar immunophenotypes but differing in biological behavior (such as CDlO/CALL.A-positive cases of centroblasticcentrocytic lymphoma on the one hand and of Burkitt-type and centroblastic lymphoma on the other hand). Equally important, this combination may also prove essential to the unequivocal recognition of small fractions of high-grade malignant cells in minimal residual disease or in primary CNS lymphomas which, even in full-blown disease, were found to exfoliate only minute numbers of malignant cells into the cerebrospinal fluid (37). ALLs of T-lineage. Similar to the broad distribution of cIg found in B-cell neoplasias, the method presented permitted unequivocal detection of cCD3 in 27 out of 28 cases of pre-T-ALL recently published (11), and in all 11 newly diagnosed cases of T-ALL. In the latter group all blast cells stained positive (99.6% f 0.6%) and almost all of them (95.3% f 5.9%) displayed strong staining intensity. The strong signal obtained, uncompromised by any background staining, the clear distinction of cytoplasmic from surface staining, and the unequivocal discrimination from myeloid and erythroid cells on the basis of morphology and peroxidase activity allowed, in the longitudinal study of a case of CD1-negative T-ALL, minute populations of 0.7% and 1.2% residual blast cells to be identified with certainty 3 months and 1 month before first cytomorphological evidence of bone marrow relapse, respectively.
Conclusion
Immunocytochemistry on cells electrostatically attached to PLL coated slides substantially differs from conventional methodology using cytospin preparations in that it permits us (a) to better preserve overall cellular integrity, the spatial separation of surface from intracellular antigenic sites, and above all antigenic integrity, (b) to selectively control fixation and permeability properties of cell membranes, and (c) to combine assessment of antigens, cytomorphological details, and endogenous peroxidases. These features cannot be reproduced on cytospin preparations, nor can antigenic denaturation inferred by dehydration and conventional fixation be compensated for by the use of more sophisticated detection systems providing somewhat higher signal amplification. Moreover, conventional immunocytochemistry using multiple slides each carrying a single non-demarcated cell smear requires considerably more time and larger amounts of reagents than immunocytochemistry performed on a single slide carrying multiple small, well-demarcated reaction fields. Finally, conventional methodology proved less standardizable and less reproducible because of either repeated accidental dehydration or difficult-to-control dilution of reagents in supernatant fluid variably left on slides after each washing. The gain in both information and performance efficiency thus makes immunocytochemistry on PLGcoated multispot slides the preferable alternative to flow cytometry. The latter method may remain the more rapid approach (7,16,17). However, light-scattering features cannot substitute the combination of cytomorphology and differential peroxidase staining (38) , discrimination of cytoplasmic from concomitant surface staining may remain ambiguous, and the sensitivity in the detection of cIg in various types of B-cell neoplasias has been found inferior even to conventional immunocytochemistry (7).
The data presented here for B-cell lymphomas/leukemias and T-ALL, along with those previously published on pre-T-ALL (II), indicate that within the broad range of cell types encompassed, monotypic cIg and cCD3 represent almost universally distributed yet highly specific markers of malignant cells of 8-and T-lineage, respectively. Their strong staining intensity in virtually 100% of malignant cells makes them valuable markers for identification of the total malignant cell population, notably in all cases with no or partial surface antigen expression and in cases of small-volume malignant disease. Within the spectrum of B-cell lymphomas/leukemias encountered in this study, no consistent correlation was found between the strength or the pattern of cIg staining and the grade of malignancy or the presumed level of maturation arrest. Although the latter remains largely speculative in the majority of B-cell neoplasias, and although B-CLLs have been shown capable of secretion of minute amounts of Ig in vitro (35, 39, 40) , the wide distribution of cIg in B-cell malignancies, along with our findings of cIg and cCD3 in substantial proportions of mature benign B-and T-cells, respectively, cast doubt on simple concepts relating the expression of cytoplasmic antigens to either immaturity or secretory capacity. The most straightforward explanation for expression of cIg and cCD3 in mature-type cells would be neosynthesis to compensate for surface antigen turnover. However, we have thus far not been able to demonstrate concomitant surface and cytoplasmic/ perinuclear staining with antigens other than Ig and CD3 (data not shown). Therefore, additional, or different, factors must be taken into account to attain a proper understanding of what governs the cytoplasmic expression of antigens.
